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BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention pertains to optical telecommunication networks and in 

particular concerns WDM (Wavelength Division Multiplexing) networks. 
Furthermore in particular, the present invention is concerned with the virtual 
concatenation of the optical channels in such WDM networks. 

2. Description Of The Prior Art 

As it is known for instance from the ITU-T Recommendation G. 707, the 

contiguous concatenation of a number X of Administrative Units 4 (AU-4-Xc) 
consists in concatenating together a number of AU-4s so as to transport together 
payloads (information part proper of an SDH frame) that require a greater capacity 
than the one provided by a single container having capacity 4 (VC4). In this way, the 
available capacity in the multicontainer 4 is X times the capacity of the single 
container-4 (for instance, 599040 Mbit/s for X=4 and 2396160 Kbit/s for X=16). In 
the concatenation of contiguous AU-4s, it is used a concatenation indication, 
contained in the pointer of the various AU-4s (except the first one), to indicate that 
the payload of the multicontainer-4 (carried in a single VC-4-Xc) should be kept 
together. The concatenation indication indicates that the pointer processors shall 
perform the same operations as performed on the first AU-4 of the AU-4-Xc. 
Therefore, the assumption made is that the various pointers are equal in such a way 
that, during the transmission in a network, shifts between one VC-4 and the other are 
not created, so as to be able to easily read the received data in the correct sequence. 
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The network is required to transport information (payload) without changing the 

value of the various pointers with respect to the first pointer (i.e. there is no 
i 

reciprocal shifting). 

Therefore, the principal objective of the concatenation is to transport, in an 
advantageous manner, the payload signals having bit rates different from the standard 
ones for synchronous hierarchy signals. 

The so-called Inverse Multiplexing, typical of the ATM (Asynchronous 
Transfer Mode) transmissions, wherein pipes and high bit rates are transported by 
different independent signals El, can be considered as an alternative technique. This 
technique can be regarded as an adaptation of the client layer to the transport means. 

The objective of the concatenation is to provide those transport functionalities 
avoiding the need to adopt expensive equipment to carry out the adaptation. That is to 
say, it is the transport apparatus that performs the adaptation function that is not made 
at client level. 

The virtual concatenation (ITU-T Recommendation G. 707) has been 
developed to provide concatenation functionalities in networks where the contiguous 
concatenation is not supported, thus avoiding the replacement of all the network 
elements. In the virtual concatenation, the pointer values shall no longer be strictly 
connected and, further, it does not exhibit the strictness of the contiguous 
concatenation that could be realized only with pre-established numbers X, for 
instance X=4, X=16 or X=64. 

The virtual concatenation, therefore, does not affect the complexity of the 
network elements inside the network, but it complicates only the processing (with 
adaption operations) at the "peripheral" nodes of the transmission network. This 
results in an undoubted economic advantage since it may be adopted in all the 
existing networks without replacing the major parts of the nodes (all the nodes inside 



r *the network), merely replacing, or at least adapting, the network input/output 
peripheral nodes. 

Another advantage of the virtual concatenation is that it can be adopted also 
with any Virtual Container (not only with the VC-4s) of the SONET/SDH 
hierarchies. 

A flag is provided in the POHs (path Overheads) of the various virtually 
concatenated Virtual Containers (VCs). Such a flag is substantially a counter 
advancing at every step, i.e. at every POH. The network input mapping is like in the 
contiguous concatenation but, afterwards, the pointers are free to move relative to 
one another. Each VC has its own POH. A common counter provides a computation 
basis where the values are placed on all the POHs (in an identical way, namely the 
same value on all the POHs). Downstream of the transport network, the demapping 
occurs: the first VC of the concatenation reaches the value of the other VC counters 
and the shift accumulated among the various VCs in the transport network is 
determined. This shift (or staggering) is compensated for through the use of buffers. 
In this way, the client signal is provided perfectly equalized at the output. 

The use of buffers can be considered the sole drawback of the virtual 
concatenation since it is added to the cost of the terminal nodes of the transport 
network: obviously this small complexity is negligible as compared with the cost for 
replacing/updating the nodes, should the concatenation not be used or the contiguous 
concatenation be utilized. 

All the above relates to the SONET or SDH transport network, but the use of 
similar techniques in the art of WDM optical transport networks is not known. At 
present the sole possible way known to transport higher bit rates as compared with 
those carried by single wavelengths, is to split the information into several channels 
at client level. However, this technique is applicable only in end-to-end services and 
cannot be applied in the core of the transport network. 
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SUMMARY OF THE INVENTION 

In the light of the prior art drawbacks mentioned above, it is the main object 

of the present invention to provide a method for making the WDM networks able to 
transport higher bit rates than those at present carried by a single optical channel, 
without replacing the existing apparatus and structures. 

This object is achieved by means of a virtual concatenation of the optical 
channels, i.e. lambda concatenation, similar to the virtual concatenation of the Virtual 
containers in the SDH or SONET synchronous transmissions, set forth in the 
independent claims 1 and 2. Further advantageous characteristics of the invention are 
set forth in the dependent claims. Claims 6 and 7 define the apparatus for 
implementing the method of the invention. Claims 8 to 1 1 define a WDM network 
incorporating the features of claims 1 to 7. All the claims are intended to be an 
integral part of the present description. 

The basic idea of the present invention is to transport the payloads of WDM 
transport network in a substantially analogous way as that in which the Virtual 
Containers (VCs) are transported in the virtual concatenation according to the SDH 
standards. 

It is known that at the high bit rates in the WDM transport networks, the 
efficiency results in opacity, that is in the need to carry out a certain processing at the 
electrical level in order to transmit over long distances without the need of repeaters 
and for the end-to-end management of the optical channel. 

From the ITU-T Recommendation G.709 an Optical Channel Transport Unit 
(OTUk) is known, which is the information structure used to support the data unit of 
the optical channel (ODUk) over one or more connections of optical channels. 

The frame structure of the OTUk (k=l,2,3 v ..) is arranged into octets with 4 
rows and 4080 columns; the most significant bit of each octet is bit 1, the least 
significant one is bit 8. The OTUk frame comprises three main areas: OTUk 
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' V OverHead (Row 1, columns 1 to 16); OTUk Payload (Rows 1 to 4, Columns 17 to 
3824) and OTUk Forward Error Correction (Rows 1 to 4, Columns 3825 to 4080). 
The frame area of the Forward Error Correction (OTUk FEC) contains the Reed- 
Solomon FEC codes that must be calculated as specified in the Annex A of ITU-T 
Recommendation G. 709. That is to say, the client layer payload, when mapped into 
the optical channels, is boxed up in a "super- frame" with an own POH, a payload and 
a redundancy part for the error correction, whereby a payload electric processing is 
performed. 

The idea of the present invention consists in reserving a byte of the ODUk 
OverHead (or of the OTUk Overhead) to perform the concatenation of the Optical 
channel. Whereby the OverHead of this "super frame" is associated with the optical 
channels as if it were a POH of a Virtual Container in the SDH or SONET 
transmissions. In the reserved byte a counting flag indicating the concatenation status 
with respect to other frames will be inserted. In reception, when such super frame is 
reconverted into electric signal, the receiver, once recognized the concatenation 
status, extracts the information concerning the relative shift of the channels, equalizes 
them and provides the reconstructed client signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

There now follows a detailed description of the present invention, given by 

way of a mere non limiting example, to be read with reference to the various figures, 
wherein: 

- Fig. 1 shows an ODUK frame with related header and related payload; 

- Fig. 2 shows n concatenated channels X\ 9 A, 2 ,..., A, n ; and 

- Fig. 3 shows a flow chart in which the main steps of the concatenation method 
according to the invention have been indicated. 

BEST MODE FOR CARRYING OUT THE INVENTION 



In Fig. 1 an ODUk frame is indicated in which the header part and the 
information part (payload) are easily recognized. For clarity and by way of a mere 
example, only two bytes of the OverHead, namely the alignment word (FAW) and 
the virtual concatenation byte (VCB) have been highlighted. Both may also be not 
complete bytes. In fact, even some bits of them only could be respectively dedicated 
to the frame alignment and to the concatenation. However, for clarity only, 
throughout the present description and claims, frequence will always be made to a 
complete byte in any case, but it is to be kept in mind that this definition will also 
include the case of some bits of a byte (even one only). While the position of the 
alignment word is fixed, the position of the concatenation byte is indicative and 
anyhow substantially of no effect on the invention; the only obligation is to utilize a 
free byte (or part of byte), i.e. not reserved for other standardized purposes. 

In transmission (Fig. 2, left-hand side) a counter VCB COUNTER writes the 
same particular value (concatenation flag) in the appropriate byte reserved for the 
virtual concatenation of the various ODUk frames. Therefore, to transmit signals 
whose information contents cannot be all contained in the payload of a sole frame, 
several frames will concatenate by writing the same VCB value into each of them. 

In other words, in the position of the VCB byte of the ODUk^i frame to be 
transmitted over the first channel (XI), a certain value VCB#z is written; at the same 
time, in the position of the VCB byte of the ODUkju frame to be transmitted over the 
second channel (AT) the same value VCBz is written, and so on till the VCB of the 
OTUk^ n frame. The frames are then transmitted in a concatenated and perfectly 
aligned way. 

In reception, the concatenation bits are read and, the concatenation status 
between the frames being recognized, the payloads are reported as a unique payload 
of a "superframe". 
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In an "ideal" situation, the frames that have been sent aligned over the various 
channels, are received at the same time, i.e. still perfectly aligned. However, in a real 
situation, the frame of a channel will be leading (like ODU 1 with respect to ODU n in 
Fig. 2), or lagging, with respect to the other n-1 frames of the n-1 channels. In this 
situation a frame will be delayed (or advanced) with respect to the other by storing it 
into an appropriate elastic store (FIFO). An elastic store is contemplated for each 
channel. The present invention provides in a non limiting way for choosing a 
reference channel and computing the delays and the advances with respect to such 
reference channel. 

Therefore, in reception, a reference frame is received, the value of the 
corresponding concatenation byte VCB is read and stored into the corresponding 
elastic store. Advantageously, the reference frame is stored centered into the elastic 
store, in a barycentric position. Preferably, the reference frame is the one transmitted 
over the first channel (k\) but there is nothing to prevent the frames of any other 
channel from being regarded as reference frames. 

As to the other n-1 channels, the frames received just after the reference frame 
are read and stored into respective elastic stores and the time t is computed between 
the instant (t Q ) when the alignment word of the reference frame is received and the 
instant (t t ) when the alignment word of the other frames received subsequently is 
received. In addition, for the received n-1 frames, the concatenation byte value is 
read and the possible difference from the reference frame is computed. Such 
difference (A V cb) is multiplied by the frame period T and added to the time t. 

In other words, for every channel x, the following calculation is carried out: 
A x = t + (VCBfcrf - VCBfcc)T, with 1 < x < n, 

and the frame received over the channel x is delayed/advanced by a time A x , 



As a practical example, let's consider the frame of channel X\ as a reference 
frame. At a certain instant to, VCBm will be read as concatenation byte value and a 
certain FAWxi will be read. The frame in channel X 2 will arrive at an instant ti, i.e. 
after a certain time t with respect to t 0 . The time t is computed by comparing the time 
of arrival of FAW^ 2 with respect to FAW^i. The value of VCB U corresponding to the 
frame in the channel X 2 will also be read: such value may be equal to the reference 
frame one, or it may also be greater or smaller. 

In practice, usually the difference A V cb (= VCB^i - VCBu) will be null and 
therefore the reference frame will be delayed by a time t only. If the difference is 
positive, it means that the frame in channel 2 is lagging the reference one; if it is 
negative, this means that the frame in channels 2 is leading the reference one. The 
same computations and the same considerations apply to the frames in channels A, 3 , 

Since FIFO elastic stores are used, such stores will be increased/decreased 
according to the needs. It is however worth noticing that the latency time in the FIFO 
stores can be considered negligible as compared with the latency time of a frame in a 
network. 

It is known that the respective delay accumulated by two optical channels 
spaced out 30 run. apart in an optical fiber (without regenerators) compliant with 
standard requirements is about 0.6 |as / 1000 Km. Every regenerator may contribute 
with a respective delay of about 15 ns due to the different latency that the digital 
processing may introduce on different channels along the regenerator. Considering 
long spans and a number of regenerators (for instance 20), the delay becomes greater 
and greater (20X15ns=300ns). Therefore, such storages should be not larger than 
about ten frames, equivalent to about IOOjis. 
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The various steps of the method of the invention can be summarized as 
follows, with reference to Fig. 3. 
In transmission: 

writing the same pre-established value into the virtual concatenation 
byte (VCB) of n-frame (n=4,2,3,...) ; and 

transmitting the n frames through n respective channels (A,i, A, 2 v* ^n). 
In reception: 

receiving a first reference frame at an instant to; 

reading the virtual concatenation byte (VCB) of the reference frame; 

receiving n-1 frames at corresponding instants ti ; 

calculating, for each of the n-1 frames, t = ti - to; 

for each of the n -1 frames, reading the corresponding VCB and 
calculating A V cb = VCB nf - VCB; 

for each ofn-1 frames, calculating A = t + T(VCB nf - VCB); and 

aligning the frames depending on the corresponding value A obtained. 
The advantages achieved by the present invention and the applications thereof 
are apparent. In general the present invention overcomes the present limitations of the 
IP routers given by the TDM technology limiting the maximum bit-rate attainable by 
each port. The concatenation technique can be the basis for the implementation of a 
flexible broadband transport service at optical level, satisfying one of the most 
important needs for data-centered networks. 

The concatenation techniques in accordance with the invention introduces a 
high level of flexibility in the WDM transport networks, since it easily supports an 
evolution of a network at higher bit rates, without all network nodes being able to 
manage such maximum bit rate. This fact is adavantageous both in the design of new 
networks (that can be dimensioned for medium bit rates for instance 2.5 Gb/s, but not 
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necessarily for peak bit rates, for instance 10 Gb/s) that for existing networks (at low 
bit rates, e.g. 2.5 Gb/s but that must connect to new networks at higher bit rates, for 
instance 10 Gb/s). In both cases the economic advantage attained through the saving 
of hardware equipment is apparent. 

The concatenation technique according to the present invention anticipates the 
availability of even higher bit rates with respect to the evolution of the TDM (Time 
Division Multiplexing) technology. For example, a 40 Gb/s payload can be carried 
simply by having (and concatenating) 10 Gb/s signals, a 160 Gb/s payload can be 
carried by concatenating 10 Gb/s or 40 Gb/s signals and so on. 

Lastly, the concatenation technique according to the present invention allows 
the transportation of "unconventional" bit rates without loosing bandwidth, namely a 
5 Gb/s signal could be easily carried by concatenating two 2.5 Gb/s signals or four 
1 .25 Gb/s signals and so on. 

A new optical channel concatenation technique in WDM networks has been 
described, which satisfies all the above intended objectives. Many changes, 
modifications, variations and different uses of the present invention, however, will 
become clear to those skilled in the art having considered the present description and 
the attached drawings illustrating preferred embodiments thereof. Such changes, 
modifications, variations and different uses that do not depart from the spirit and 
scope of the invention are deemed to be covered by the invention that is limited only 
by the following claims. 
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